INTRODUCTION
Gout is a metabolic disorder resulting in hyperuricemia and the deposition of uric acid or urates in tissues. In gout, kidney function lowers to such level which results in uric acid accumulation in the blood and body parts. It occur in two distinct forms namely, visceral and articular gout. In both the forms, deposits consist of chalky white materials called the tophi. Visceral gout is considered to be acute form and is more insidious and difficult to detect in early stages or in live birds. Clinical signs exhibited by the affected birds are not diagnostic, birds show sudden or gradual mortality. Gout is multifactorial in origin, but rather the result of kidney damage from any of a number of potential causes, which can be infectious, nutritional, toxic, poor management or possibly a combination of factors.
The nutritional or metabolic causes of gout includes excess dietary calcium, high protein diet, excess salt, low phosphorus, imbalance between Ca-P levels, adulteration of feed with urea and vitamin A and D deficiency. The prolonged dehydration can trigger urolithiasis in the birds. Water deprivation followed by over dosages of certain drugs like sulphas and the antibiotic aminoglycosides (Gentamycin) often causes gout. Feed contaminated with the mycotoxins and phytotoxins impairs kidney functions leading to gout. Citrinin, ochratoxin and oosporein are the nehrotoxic and also cause gout. Some managmental stress factors including high brooding temperature, higher level of ammonia concentration in the shed cause high mortality due to gout. Primary infectious nephritis due to bacterial agents does not appear to be common in poultry. E. coli and salmonella has occasionally been isolated from cases of pyelonephritis, but the infection is likely secondary.
The infectious causes for the development of gout are the nephropathogenic infectious bronchitis virus (IBV) and avian nephritis virus (ANV). Recently we reported the role of chicken astrovirus (CAstV) in induction of gout in commercial broilers in India. The infectious bursal disease virus also produces nephrosis or enlarged kidneys with prominent tubules containing urate deposition. The kidney lesions occur in small number of bird (about 5%) are neither constant nor specific to IBD. However, the presence of urates in kidney tubules and increase in serum uric acid could be due to kidney damage because of decreased fluid intake, diarrhea and polyuria observed in affected chicks. This review focuses on IBV and avian astrovirus infection that are involved and or associated with gout in poultry.
Economic Impact
The economic impact of astrovirus infections on the poultry industry is not fully understood (Reynolds and SchultzCherry, 2008) . However, there is no information on the economic losses caused by CAstV to the poultry industry worldwide, astrovirus infections has been implicated in growth depression and runting-stunting syndrome which effect in financial losses due to increased culling, poor feed conversion and lower uniformity in bodyweight. Astrovirus infection in birds results primarily in mild to moderate gastroenteritis and reported to affect several different organs. In India the CAstV infections are associated with the gout particular in the commercial broilers. The
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Nephropathogenic Infectious Bronchtis Virus
Infectious bronchitis (IB) is a major health problem affecting chicken industry in most countries of the world. Infectious bronchitis virus (IBV), is an acute and highly contagious disease of chickens, characterized by respiratory distress and infection with some nephrogenic strains cause severe kidney damage, urolithisis and high mortality. Recognition of the association of infectious bronchitis virus with avian nepritis was revealed by the isolation of IBV from the kidneys of naturally infected birds. Number of factors are responsible for the severity of the nephritis associated with IBV which includes; age and breed of the birds, strain of IBV, environment and management, geographical location and immune status of the affeced flocks.
In the 1962s in United States, Winterfield and Hitchner (1962) first reported a nephrosis condition associated with IB, in the same year, Cumming (1962 Cumming ( , 1963 reported an IB outbreak causing severe kidney lesions in chickens in Australia. Afterwards, various nephropathogenic strains of IBV have been identified around the world. In the late 1990s in Pennsylvania PA/Wolgemuth/98 and PA/171/99 nephropathogenic strains were identified (Ziegler et al., 2002) and in the early 1990s in Korea, a nephropathogenic strain designated KM91 was identified and became widespread in that country . The Mass (GenBank accession number HM179146) and 793B types were the most common IBV types reported in India since 1991 (Elankumaran et al., 1999) . Since that time, many nephropathogenic strains of IBV associated with gout in chicks have been isolated and genetically characterized. Bayry et al., (2005) carried out the nephropathogenic IBV isolation from the kidney samples of gout affected chickens. The disease was reported mostly in 1 to 2 weeks old broiler chicks in unvaccinated flocks. The clinical signs were gasping, upward respiration, and tracheal rales. Grossly, the birds showed distended ureters filled with uric acid and deposition of white chalky urates on other visceral organs. The microscopic kidney lesions were principally those of an interstitial nephritis, granular degeneration, vacuolation, and desquamation of tubular epithelium. Because of introduction of good vaccination programme including live IBV and inactivated nephropathogenic IBV in broiler breeder flocks, progeny were rarely affected by nephropathogenic strains of IBV in India since 2010. But in 2011, inspite of vaccination with the IBV live and inactivated nephropathogenic strain, the outbreaks of gout were observed in India.
Avian Astrovirus
Avian astrovirus infection caused severe and devastating losses to Indian poultry industry. Astrovirus infections in poultry predominantly affect young birds; however, the disease may occur in all age groups, which leads to increased susceptibility for other diseases. Avian astroviruses that were originally classified as enterovirus like viruses (McNulty et al., 1990; Todd et al., 2009 ) have been linked to "runting -stunting syndrome" and "growth depression" (McNulty et al., 1984; Spackman et al., 1984; Decaesstecker et al., 1986; Smyth et al., 2007) . In poultry, astroviruses are more commonly recognized as a problem in turkeys, Yu et al., 2000) . Astroviruses in ducks have been associated with fatal hepatitis, historically known as duck hepatitis virus type II (Wool-cock and Fabricant, 1991) . Astroviruses have also been isolated from broilers with poor weight gain and enteric and kidney diseases (Reynolds and Schultz-Cherry, 2008) . De Wit et al., (2011) characterized a new group of avian astroviruses associated with enteric disease and locomotion problems in chickens and turkeys. Most recently, Chicken astrovirus has been isolated from gout affected chicks of commercial broilers in India (Bulbule et al., 2013) .
Astroviruses have genome of 6.8-7.9 kb are small, nonenveloped RNA viruses having 28 to 30 nm in diameter. The Astroviridae family is composed of two genera, Mamastrovirus and Avastrovirus, that infect mammalian and avian species, respectively. Members of the Mamastrovirus genus include human astroviruses, which causes gastroenteritis in children, immunocompromised people, and the elderly (Glass et al., 1996) . In poultry, infections with Avastrovirus genus cause disease, growth retardation (Runting and stunting syndrome), and mortality in chickens, turkeys, and ducks (Fu et al., 2009; SchultzCherry et al., 2000) . Astrovirus causes gastroenteritis which is usually mild and self limiting in most species; however, more severe diseases have been reported in poultry such as enteritis, hepatitis and nephritis (Matsui and Greenberge, 2001 ).
To date, two different astrovirus species have been recognized in chickens: Avian Nephritis virus (ANV) and chicken astrovirus (CAstV). ANVs are known to cause diarrhoea, tubulonephrosis, interstitial nephritis, uricosis (gout) and, finally, death (Shirai et al., 1991) . ANV was first isolated from rectal contents of the normal broiler chicks (Imada and Yamaguchi et al., 1979) . ANV typically causes histological changes in the kidneys, although the viral antigen can be detected in other organs, namely liver, spleen, pancreas, jejunum and rectum (Imda et al., 1979; Shirai et al., 1992) . Subclinical disease has been demonstrated by experimental infection by Jordan and Pattison, (1996) . Clinical disease in chicks varies from subclinical to outbreaks of runting stunting syndrome and chick nephropathy (Frazier et al., 1990; Shirai et al., 1992; Takase et al., 1994) . ANV infects only the chickens, day old chicks are more susceptible and disease has been reported up to 4 wks of age (Imada and Kawamura, 1979) . ANV infection in day old chicks is associated with the severe interstitial nephritis. Narita et al., 1990 reported the increased susceptibility to ANV if the chickens are immunosuppressed. At least two distinct serotypes of ANV have been reported (Shirai et al., 1992) . ANV isolates can vary with regards to pathogenicity (Shirai et al., 1992) and also for the tissue tropism (Decaesstecket et al., 1989) .
Astroviruses are single-stranded, positive-sense RNA, genome containing three open reading frames which encodes: ORF1a (nonstructural protein), ORF1b (RNAdependent RNA polymerase), and ORF2 (capsid protein) (Willcocks et al., 1994) . The length varies between species and serotypes for each gene of these structures. Molecular characterization of astrovirus shows the ORF1b is the least divergent and ORF2 the most divergent among the different ORFs (Strain et al., 2008) . The astrovirus capsid is responsible for attachment and entry into host cells (Sanchez-Fauquier et al., 1994; Bass et al., 1997) . The capsid is a multidomain protein with a conserved N-terminal region and a highly variable C-terminal region (Jonassen et al., 2001) . Chicken Astroviruses and Avian Nephritis viruses vary considerably from the mammastroviruses, although the basic character of the ORF2 amino terminus is also conserved (Mendez and arieas, 2007) . Pantin-Jackwood et al., (2011) observed the variation in the capsid sequences among the astroviruses was so high that the more than 96 sequencing primers had to be designed to obtain the sequence data. The astrovirus capsid spike domain is thought to be important for host cell receptor binding, The capsid protein undergoes maturation by host extracellular proteases to become an infectious particle (SanchezFauquier et al., 1994; Bass et al., 1997) . Walter et al., (2001) reported that the two strains had less than 95% nucleotide homology which could be distinguished serologically. The astrovirus capsid protein has several unique biological properties such as unique inhibitors of the complement pathway by binding to complement C1 and mannose binding lectin (MBL) inhibiting the activation of the classical and lectin complement pathways, respectively (Bonaparte et al., 2008) .
The isolation and characterization of CAstVs have been reported from broilers exhibiting runting syndrome and dead-in-shell chicks having hatchability problems (Spackman et al., 1984; Baxendale and Mebatsion, 2004; Smyth et al., 2009 ). These CAstVs are antigenically and serologically distinct from ANV, although their genomes share some sequence identity with ANV and other astroviruses. CAstV can be detected using reverse transcriptase polymerase chain reaction (RT-PCR) and quantitative (q)RTPCR targeting ORF1b and ORF2 genes (Tang et al., 2005 ; Pantin-Jackwood et al., 2006 Todd et al., 2009 ; Smyth et al., 2010 ) . Astroviruses do not grow easily in laboratory host systems and it's difficult for serological classification. With the advent of molecular biology technique based on the production of CAstV capsid protein antigens in the insect cells using recombinant baculovirus system for the Immunofluorescence and Immunio histochemistry based diagnostic tests and for the detection of antibody using ELISA (Lee et al., 2013) . Smyth et al., (2007) detected virus-specific antigen and histological lesions in the intestine, kidney and pancreas after experimental infection of specific pathogen free (SPF) chicks with the CAstV isolate FP3. These findings show that, like ANV, CAstVs also infect internal organs. CAstVs were detected in large amounts in kidneys and intestinal contents obtained in longitudinal surveys carried out by Smyth et al., (2010) in four broiler flocks having below average performance.
However, previous studies on chicken astrovirus reported mainly their association with enteric disorders, Bulbule et al., (2013) reported the several outbreaks of gout in commercial broilers in India during 2011-2012 which caused up to 40% mortality in birds resulting in heavy economic losses to the broiler farmers and poultry industry. Laboratory investigations were carried out to find the exact cause of the gout in affected commercial broiler chicks, the Chicken Astrovirus was detected and isolated from the 80% cases of the gout, although mixed infection (ANV + CAstV) or (ANV+CAstV+IBV) were also detected from recent cases of gout in commercial broiler chicks. In the mixed infection the level of detection of CAstV was higher than for ANV and IBV. ANV or IBV alone was not detected from in these samples. 
Gout Cases
Enteritis / Growth retarded cases the proximal convoluted tubules with infiltration of granulocytes and interstitial lymphocytes in kidneys. Kidney samples from this particular flock were positive for CAstV and negative for IBV, ANV, chicken anaemia virus (CAV) and IBDV, as detected by qRT-PCR and qPCR and confirmed by nucleotide sequencing (Unpublished data) . Baxandale and Mebatsion(2004) reported the isolation of the novel avian astrovirus of chickens, named CAstV is complicated by the presence of reoviruses and adenoviruses in the feaces of young chicks because these viruses grow well in CEL and LMH cell cultures and they often outgrow the more slow growing CAstV. Bulbule et al., (2013) demonstrated that the CAstV grows well in the embryonated chicken eggs through the allantoic sac route as compared to Chicken kidney cells. In the case of CAstV and ANV mixed infections, the CAstV are isolated using the allantoic route in embryonated chicken eggs from positive kidney samples (Unpublished data). Bulbule et al., (2013) carried out the complete capsid gene sequence of Indian CAstV isolates consists of 2214 nucleotides encoding a protein of 738 amino acid residues. A phylogenetic tree analysis and pairwise comparison of the capsid protein revealed a major group of Indian subgroup Bi CAstVs (Figure 1 ). The CAstV detected in the UK samples can be assigned to two B subgroups and three A subgroups (Smyth et al., 2012) . CAstVs belonging to the Bii subgroup were obtained from the USA (Pantin-Jackwood et al., 2011). Comparision of this Indian CAstV isolates with other avian astroviruses shows the Indian CAstV isolates and UK and USA isolates are distinct from the Duck Atsrovirus, Turkey Astrovirus, ANV-1, ANV-2 and Human Astroviruses. An intresting study on cross species transmissions probably occured during the evolutionary history of astroviruses (Van hemert et al., 2007a) . Cross species transmission has also been suggested among avian species. From phylogenetic point of view DastV is more closely related to TastV2 and forms a cluster, which suggests that the duck virus may have originally transmitted from turkeys (Fu et al., 2009) . Data from full genome sequencing TastV-1 and TastV-2 indicate that they are genetically unrelated and are likely to have originated from seprate introductions and should therefore be regarded as two subtypes insted of serotypes (Jonassen et al., 2003; Pantin-Jackwood et al., 2011; Strain et al., 2008) .
Fundametnal Research Currently in Progress
The researches on the diversity of Chicken astroviruses circulating worldwide in the enteric and associated with concomitant infection are going out to assess the economic importance of the CAstV. Studies on the molecular characterization of CAstV based on complete capsid gene or the whole genome sequencing are going on for the study of recombination events occurred during evolution of the avastroviruses. The studies on the complete capsid or polymerase gene sequence diversity have been important implications for both the control and diagnosis of CAstV infections. Recombinant chicken astrovirus capsid protein antigen are produced using baculovirus expression system. The crystal structure studies on the astrovirus capsid surface spike domain are determined to identify three conserved patches on the surface of the spike that are candidate avian receptor-binding sites. Interspecies transmissions and a wide range of diversity of avastroviruses are identified in poultry and wild birds. These studies provide new insights into astrovirus ecology and evolution.
Diagnosis
Diagnosis of nephropathogenic IBV can be based on the clinical history, gross and histopathological lesions, IBV specific immunohistochemistry of kidney samples and virus isolation and S1 sequencing Ziegler et al., 1999) . Electron microscopy is one of the principle method for the diagnosis of the Avian Astroviruses in suspected sample showing star like morphology (Madeley and Cosgrove, 1975) . This method is of limited importance in some types of astrovirus including ANV and is not useful for the high sample throughput and is less sensitive Tang et al., 2004; Pantin-Jackwood et al., 2007) . Virus isolation in cell culture presents difficulties as astroviruses grow poorly in enteric samples . But the Indian Chicken astroviruses can be isolated using the allantoic sac route in embryonated chicken eggs from SPF and also in chicken embryo kidney cells and Chicken embryo fibroblast cells (unpublished data). Bulbule et al., (2013) recommended the kidney samples from the gout affected chicks to be collected in 50% GPBS for the detection and isolation of infectious agent. Degenerate RT-PCR primers based on the avian astrovirus RNA polymerase gene designed by Tang et al., (2004) were used to amplify ANVs and CAstVs. Reverese Transcriptase polymerse chain reaction (RT-PCR) or quantitative real time PCR (qRT-PCR) are used for the initial screening and also for confirmation of virus isolates (Tang et al., 2005; PantinJackwood et al ., 2006 PantinJackwood et al ., ,2011 Todd et al., 2009; Smyth et al., 2010) . CAstV should be included in the differential diagnosis of gout or nephritis problems in addition to ANV and IBV (Bulbule et al., 2013) . Molecular characterization of avian astroviruses has been done by nucleotide sequencing of the ORF1a and ORF1b regions (Pantin-Jackwood et al., 2006; Todd et al., 2011; Bulbule et al., 2013) . The capsid precursor protein gene (ORF2) is the most variable astrovirus gene, which is responsible for the variation in antigenicity and pathogenicity PantinJackwood et al., 2011; Smyth et al., 2012) . The complete genome sequence of Indian CAstV will be helpful for further molecular genotyping.
Current Managemetal Practices
Gout in field cases are likely to be multietiological problem and identifying a specific cause is often difficult and need the laboratory investigations. Some concerns are important for tressing out the possible cause of the gout. IBV vaccination programme to be reviewed and feed for mycotoxins and protein concentrations to be analysed. Ample quantities of fresh water are to be provided to prevent the dehydration. The electrolytes and anti-gout preparation are to be used to reduce gout mortality. Currently there is no vaccine available for the CAstV infection. The vaccination of CAstV in the breeder certainly provides the protection to hatched chicks in their early life. Along with vaccination proper biosecurity measure should reduce the infection load.
Prevention and Control
Detection and isolation of infectious bronchitis, associated with gout in IBV vaccinated birds is only the first step in control of gout in chickens. The in vivo pathogenicity of virus isolates needs to be characterized and current vaccines or combinations of commercial vaccines efficacy programme should be undertaken for the control of the gout associated with Infectious bronchitis virus. When variant virus strains are isolated from the different or particular area where the commercial vaccines do not provide adequate protection, it is necessary to develop specific vaccines to control the disease. Development of killed IBV new variant strain vaccine can be a possible tool to control the outbreak of the disease.
In the Indian context, which has suffered heavy economic losses because of gout caused by CAstV in commercial broilers, vaccination in breeders seems to be appropriate approach to prevent the gout in young commercial broiler chicks. There are currently no efficient vaccine or chemotherapeutics for the control and/or prevention of astrovirus infections (Reynolds and SchultsCherry, 2008) . Hence, strict containment is the only known method of preventing and controlling infections with any of the known astroviruses. Infected flocks, especially those that exhibit severe loss in viability and production, need to be treated with the utmost concern for biosecurity; complete sanitation of all materials and restricted access to facilities by personnel is required to contain the outbreak to the affected farm (Koci and Schultz-Cherry, 2002) . To eliminate astrovirus infection, contaminated farms should be thoroughly disinfected and a minimum of 12 to 14 days down time is required. All the litter and manure should be removed and disposed off in a manner that ensures run-off does not contaminate the driveways or entrances to poultry houses. The floors, walls, fans, feeders watering systems and all equipment should then be adequately scrubbed and disinfected using compounds and procedures proven useful at eliminating highly stable small round viruses (Koci and Schultz-Cherry, 2002) . Avian astroviruses are highly resistant to inactivation by disinfectants. A study by Schultz-Cherry et al., (2001) found that only formaldehyde, beta-propiolactone or peroxymonosulphate based products completely inactivates avian astrovirus. It should be recognized that chicks especially infected with CAstV are extremely susceptible to dehydration, fresh water and electrolytes should be made available to the chicks whenever possible.
Although the methods for the detection and virus isolation of the chicken astrovirus and its characterization has improved tremendously, capsid protein sequence diversity and antigenic variation exhibited by CAstVs has to be considered for the development of diagnostic reagents and for vaccine development methodologies to rapidly respond to outbreaks of the disease.
What Needs to be Done
Research and laboratory investigation support the strong link for the infectious cause of gout in commercial layers. Extensive studies on the molecular characterization of astroviruses and vaccine strain development need to be done. Current gout outbreak can be prevented by using a killed vaccine containing different CAstV isolates to vaccinate broiler breeder. This will help in raising the antibody titers in the hens and will transmit maternal antibodies to the chicks making them more resistant to the infection when they are placed on the farm.
